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ELASTOHYDRODYNAMIC JOURNAL BEARING ANALYSIS MODEL 
H.T. Shu, R.T. Drost and R.L. DeBlois 
United Technologies Research Center 
Silver Lane, Mail Stop 129-19 
East Hartford, CT 06108 
ABSTRACT 
An integrated bearing design and analysis code has been developed for use in HVAC compres-
sor bearing design applications. The basic analysis code predicts the journal bearing dynamic 
performance by coupling the structural elastic deformations, installational and operational mis-
alignments, and temperature dependent lubricant properties into the fluid film dynamics. This 
paper presents an analysis model for predicting the dynamic performance characteristics of a 
conceptual tapered journal bearing design. The results of this analysis are then correlated with 
the experimental data obtained from a fully instrumented compressor bearing, including pressure 
transducers, thermocouples, and proximity transducers. 
INTRODUCTION 
For the purpose of this analysis, a compressor shaft configured with upper and lower bearing 
supports and a cantilever end at the top was assumed (Fig. 1). The compression loads are carried 
at the top of the cantilever end and distributed to the two bearings with two counter weights 
located below and above the drive motor for dynamic balance purposes. In such a configuration, it 
is found that the upper bearing requires special attention because it is required not only to perform 
well under severe cyclic dynamic loads over a wide range of the HVAC operational envelope, but 
also to cope with the structural deformations due to shaft bending and radial deflection of the 
bearing support structure. A means of accommodating this wide range of compressor loading 
and structural deformation is to apply the advanced tapered journal design concept. This design 
concept not only can improve the bearing performance but also can eliminate potential structural 
touchdown problems. However the tapering slope must be carefully designed to ensure that the 
product is a reliable design. 
THE INTEGRATED BEARING DESIGN AND ANALYSIS CODE 
The problem in addressing the bearing dynamic performance is that one does not know a 
priori the moment or relative deflection carried by the shaft and bearing structure without a 
detailed structural and shaft dynamic analyses. Based on the results of a structural analysis and 
experimental data for the compressor shaft configuration, it was found that both the shaft and the 
bearing support structure indeed showed significant radial deflection for all compressor operating 
conditions. These global structural deflections together with the local elasticities of the bearing 
surface will have significant effect on bearing pressure and film thickness predictions. Therefore an 
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integrated bearing design and analysis (IBDA) code has been developed and validated for HVAC 
compressor bearing design applications. 
The IBDA code structure shown in Fig. 1 comprises a shaft bending model, a bearing 
housing deflection model, a FELICS code, and several user friendly pre and post processors 
(not shown) to condition the input parameters, generate the required meshes, graphically display 
the analysis results, and to facilitate data analyses. 
The shaft bending model predicts the variable shaft bending angle, ~s, at the upper bearing 
location based on the shaft configuration and material properties; compressor load profile, Fe; 
the upper and lower counter weights and moments, (W cu, Wc1, Mcu and Me~), used for dynamic 
balance purposes; shaft speed, w; and an empirical constant, fc, for accommodating the effect 
of motor rotor stiffness, Elm. The bearing housing deflection model predicts the variable 
global deflection angle, ¢h, of the bearing support structure based on the shaft reaction force, 
Fbu, at the upper bearing location obtained from the shaft bending model and four orthogonal 
spring constants located at the top and bottom of the bearing support (not shown). The predicted 
shaft bending angle, ~6 , the bearing housing deflection angle, ~h, and an installation misalignment 
angle, iinst, are summed in vector form for input to the FELICS program. 
The FELICS code, (which stands for .Einite Element Lubrication analysis Integrated with 
Compliant Structures), is a Pratt & Whitney Aircraft proprietary advanced elastohydrodynamic 
journal bearing analysis code developed on the basis of Refs. 1 and 2. It has incorporated the effect 
of temperature variation on local viscosity. It also conserves energy and mass in calculating the 
fluid film properties, accommodates the variable shaft speed, variable bearing loading and moment 
or misalignment inputs, irregular bearing clearance and elastic deformation of the bearing support 
structures. It can accept as, inputs either variable misalignment ( ~:c, ~1J or moments (M:c, M,) 
carried by the bearing. The program then combines these inputs with other bearing design data 
(such as the bearing diameter, length, static clearance, thermal boundary conditions, physical 
properties of the lubricant, and the structural compliance matrix obtained from finite element 
analysis) for determining the pressure {p} and film thickness { h} distributions inside the bearing. 
If the input to the FELICS program is misalignment angle as assumed in Fig. 1, the program 
will compute the local moment on the shaft based on the calculated bearing pressure distribution. 
Because the local moment on the shaft is used in computing the shaft bending angle at the 
bearing location, an external iteration process is required to assure that the moment used in the 
shaft bending model is consistant with that computed from the bearing analysis model. 
A typical force input (Fy vs. Fx) and misalignment input (~v vs. ~x) are shown in Fig. 2. In 
general, for a tapered journal bearing design the shaft bending vector should lead the force vector in 
the direction of shaft rotation for good bearing dynamic performance. It is also necessary to check, 
as shown in Fig. 1, whether the total misalignment angle thus calculated exceeds the allowable 
angle based on the bearing geometry. If so, the design should be modified before proceeding with 
the detailed film property calculations. 
When using finite element methods to perform a bearing dynamic performance analysis, a 
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computational fluid mesh (shown in Fig. 3) must be developed and stored as a mesh file for input 
to the FELICS program. This un-wrapped computational fluid mesh must be anchored on either 
the journal or the sleeve depending on the boundary conditions to be specified and whether the 
elastic surface to be considered is the journal or the sleeve. The starting point for un-wrapping the 
computational fluid mesh must be chosen based on the bearing loading characteristics. For the 
subject compressor application, the oil supply is conventionally provided through an oil hole and 
a fiat or groove machined on the shaft. All known pressures, temperatures, and oil density must 
be specified for all boundary nodes of the computational mesh and saved in a boundary condition 
file for input to the FELICS program. 
THE ANALYTICAL AND EXPERIMENTAL RESULTS 
In a typical bearing analysis, the results predicted by the FELICS program include the film 
pressure, thickness, temperature, fluid density, flow rate, power consumption, and structural de-
formation of the elastic bearing surface. These results are tabulated in accordance with the 
computational mesh nodes at any desired time interval. These data can be plotted in a 2D or 
3D color plot or animated for further evaluations. Depending on the bearing geometry and the 
input force and misalignment time histories, the bearing maximum pressure can be developed at 
any location in the bearing. If a bearing is not properly designed for the imposed duty cycle, film 
rupture leading to possible bearing structural touchdown problems can occur. In this situation, 
the FELICS program will display the possible contributing factors to guide an engineer for proper 
action. 
Figures 4 shows several snap shots of the analytical bearing pressure, film thickness, mass 
flow, and film temperature distributions for a typical tapered journal bearing near the start of 
compression (SOC). In this case the bearing load and shaft bending at the SOC are moderate; 
Figure 4a shows that the bearing maximum: pressure occurs near the bottom edge of the bearing at 
approximately 80 degrees from the oil delivery location. In a real compressor, both the magnitude 
and location of the. maximum bearing pressure can vary significantly. The corresponding film 
thickness, mass flux and film temperature distributions are shown in Figs 4b to 4d respectively. · 
It is interesting to note that the maximuum film temperature always occurs near the bottom of 
the bearing, which implies that a constant temperature assumption may be acceptable. However, 
when the same bearing is operated at other conditions, the temperature distribution can vary 
significantly over a large region within the fluid film; this can drastically reduce the bearing load 
carrying capability. 
The results of this analysis also shows no film rupture or bearing structural touchdown problem, 
but it does not guarantee that the bearing structural touchdown problem will not occur in the 
other operating conditions. Therefore the same analysis procedure must be repeated for other 
critical compressor operating conditions, such as the maximum compression ratio, the maximum 
load and/or the blocked fan conditions, to assure an efficient and a reliable bearing design. 
Figure 5a shows a profile of the bearing maximum pressure obtained from numerous- pressure 
maps such as shown in Fig. 4a during one shaft revolution, (i.e. the maximum pressure from 
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Fig. 4a only provide one point on the Fig. 5a curve). Because the shaft loading and deflection 
vary throughout one shaft revolution, the bearing maximum pressure also varies dynamically 
as expected. In a similar manner, the minimum film thickness, mass flux, and maximum film 
temperature are shown in Figs. 5b to 5d respectively. 
Figure 6 shows comparisons of a set of analytically predicted and experimentally measured 
pressure data. Because the results of a parametric analytical study indicated that the predicted 
bearing maximum pressure is very sensitive to the time histories of shaft loading and misalignment, 
the results shown in Fig. 6 are considered to be very good. The empirical constant, fc, used in the 
shaft bending model is found to between 0.65 and 0.7, which is in good agreement with the value 
obtained from a finite element analysis of a similar shaft and motor rotor assembly. As mentioned 
earlier, the FELICS program has the capability of including the structural local elasticity effect 
on the bearing performance. When the structural compliance matrix is included as input into 
the code, it is likely that the analytical pressure predictions will correlate with the test data even 
better than shown in Fig. 6. 
CONCLUSIONS 
Based on the results of both the analytical and experimental studies presented in this paper, 
the integrated bearing design and analysis code can be effectively used for predicting the dynamic 
performance of new or existing journal bearing design. This code will become a powerful design 
tool for product improvement when it is fully developed. Because the bearing maximum pressure 
prediction is very sensitive to the time history of shaft loading and misalignment, application of a 
tapered journal can eliminate potential bearing structural touchdown problems, but the tapering 
slope must be carefully selected and analyzed to ensure an efficient and reliable bearing design. 
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Fig.3 Development of Computational mesh 
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Fig.4 Instantaneous Bearing Pressure, Film Thic
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Fig.5 Typical Bearing Dynamic Performance 
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Fig.6 Comparison of Analytical and Experimental Pressure Data 
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